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The rapid spread of invasive species, facilitated by increasing globalization, can have negative 
impacts on native ecosystems. Our study focuses on Robinia pseudoacacia, an invasive tree 
species native to the southern Appalachian and Ozark mountains that has spread to multiple 
continents (Li et al. 2014). Previous studies have suggested that one adaptation that makes R. 
pseudoacacia successful is the secretion of allelopathic chemicals, which can affect surrounding 
vegetation (Nasir et al., 2005; Callaway et al., 2011; Dreiss & Volin., 2011; Benesperi et al., 
2012; Cierjacks et al., 2013; Medina-Villar et al., 2017). We looked at the effect of age and size 
of R. pseudoacacia on concentration of allelopathic chemicals, as well as how these chemicals 
might affect surrounding species composition, diversity, and richness. We hypothesize the 
following: 
1. Robinia pseudoacacia significantly affects species composition, diversity and richness of 
surrounding vegetation. 
2. The concentration of allelopathic compounds within Robinia pseudoacacia is correlated 
with the age of the tree. 
3. The concentration of allelopathic compounds within Robinia pseudoacacia is correlated 
with the size of the tree. 
We compared species composition surrounding 20 R. pseudoacacia against 12 control 
species, Quercus rubra and Acer saccharum. We also tested tree cores to see if age and size of R. 
pseudoacacia affect the concentration of allelopathic chemicals. We found no significant 
difference in species composition, diversity, and richness. However, we did find that age and size 
were significantly positively correlated with allelopathic concentration. The allelopathic effects 
of R. pseudoacacia on surrounding vegetation may vary depending on ecosystem type, stand 
density, and other variables. R. pseudoacacia in different life stages may have varying priorities 
for energy investment, explaining the effect of age and size on concentration of allelopathic 
compounds. 
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Abstract 
The rapid spread of invasive species, facilitated by increasing globalization, can have 
negative impacts on native ecosystems. Our study focuses on Robinia pseudoacacia, an invasive 
tree species native to the southern Appalachian and Ozark mountains that has spread to multiple 
continents (Li et al. 2014). Previous studies have suggested that one adaptation that makes R. 
pseudoacacia successful is the secretion of allelopathic chemicals, which can affect surrounding 
vegetation (Nasir et al., 2005; Callaway et al., 2011; Dreiss & Volin., 2011; Benesperi et al., 
2012; Cierjacks et al., 2013; Medina-Villar et al., 2017). We looked at the effect of age and size 
of R. pseudoacacia on concentration of allelopathic chemicals, as well as how these chemicals 
might affect surrounding species composition, diversity, and richness. We hypothesize the 
following: 
1. Robinia pseudoacacia significantly affects species composition, diversity and richness of 
surrounding vegetation. 
2. The concentration of allelopathic compounds within Robinia pseudoacacia is correlated 
with the age of the tree. 
3. The concentration of allelopathic compounds within Robinia pseudoacacia is correlated 
with the size of the tree. 
We compared species composition surrounding 20 R. pseudoacacia against 12 control 
species, Quercus rubra and Acer saccharum. We also tested tree cores to see if age and size of R. 
pseudoacacia affect the concentration of allelopathic chemicals. We found no significant 
difference in species composition, diversity, and richness. However, we did find that age and size 
were significantly positively correlated with allelopathic concentration. The allelopathic effects 
of R. pseudoacacia on surrounding vegetation may vary depending on ecosystem type, stand 
density, and other variables. R. pseudoacacia in different life stages may have varying priorities 
for energy investment, explaining the effect of age and size on concentration of allelopathic 
compounds. 
Methods 
Study Site & Selection of Sample Trees 
Our study was conducted on University of Michigan Biological Station (UMBS) property 
in Pellston, Michigan. The soil at our study site is mesic and sandy with dominant tree species 
Acer saccharum and Quercus rubra (Pearsall et al., 1995). We conducted an initial survey of the 
forests around UMBS Upper Drive, in which 42 R. pseudoacacia were tagged, measured for 
diameter at breast height (DBH), and placed into corresponding size classes (Appendix B). We 
determined size classes by DBH (Table 1). Using a random number generator, we selected 5 
trees from each class for a total random sample of 20 individuals. Most trees sampled were close 
in proximity to a disturbed area; they were mainly within a few meters of a gravel road, but were 
also found in and around small open areas cleared for telephone lines (Appendix A). 
1 
Table 1. Key for size class parameters, classes based on DBH of tree in cm. 
Class Size Parameters Percent Cover Parameters 
1 DBH :S 1 cm :::; 5% 
2 1 cm < DBH :::; 5 cm 5%-25% 
3 5 cm < DBH :S 22 cm 25%-50% 
4 22 cm<DBH >50% 
We decided to use A. saccharum and Q. rubra as control species to compare against R. 
pseudoacacia for species composition because they are naturally occurring and dominant at the 
site (Pearsall et al., 1995). We selected control trees so that there were three total trees, including 
at least one A. saccharum and one Q. rubra, in each R. pseudoacacia size class. 
Species Composition, Diversity, & Richness 
We surveyed groundcover and trees with the potential to reach the canopy for species 
composition. Groundcover was estimated by class (Table 1 ). We identified and recorded all 
species within a 1 m radius of sample trees for groundcover composition. We also recorded 
understory species and trees with the potential to reach the canopy within a 2 m radius of the 
tree. We placed species with the potential to reach the canopy into separate categories: one 
including all individuals taller than DBH (> 1.4 m) and the other including all species shorter 
than DBH (<1.4 m). 
We entered species composition data into Excel and processed the data with a non-metric 
multidimensional scaling ordination analysis in R. Generating a multivariate figure from our 
ordination analysis allowed us to examine the similarities and differences in species composition 
between R. pseudoacacia and control samples. We calculated Simpson's Diversity Index values 
for all sample areas, after which we performed a t-test to determine if there was a significant 
difference in diversity between R. pseudoacacia and control sample areas. We performed another 
t-test on the amount of species present in each sample area to determine the significance of 
differences in species richness. 
Age, Size & Allelopathy: Chemical Sampling 
We either cored trees or sawed them by hand depending on size. Individuals too small to 
be cored were sawed by hand midway up the tree. Trees that were sawed were broken up into 
smaller chips to fit into the test tubes. We counted tree rings in the cores or sawed pieces to 
determine age. To prevent degradation of target allelopathic compounds, we placed the tree core 
samples into a cooler with ice until we were able to store the samples in a freezer. 
We freeze-dried all samples in preparation for milling. Once samples were freeze-dried, 
we milled them in a SPEX 8000D ball mill, so we could analyze them in a Waters 2690 
High-Performance Liquid Chromatography (HPLC) machine. This allowed us to determine the 
concentration of quercetin in each sample. However, our first test showed unexpectedly early 
peaks in absorbance and we could not trust the results. Instead, we ran a total phenolic assay on 
the samples. Although the phenolic assay did not differentiate between quercetin or other 
phenolic compounds, it provides a proxy measure of all allelopathic compounds (Inderjit, 1996). 
In the phenolic assay, we employed the Folin-Denis method (Ainsworth & Gillespie, 
2007). Before analysis, some samples were diluted with Milli-Q water to fit the standard curve. 
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We then ran each sample through a Spectronic Genesys 2S UV-Vis spectrometer set at a 
wavelength of 760 nm and compared the resulting absorbance values to a standard of tannic acid 
in concentrations of 88, 44, 22, 11, and 0 mg/L. We excluded the standard absorbance value for 0 
mg/L of tannic acid because it was higher than expected, indicating contamination. For each 
sample, the phenolic concentration was calculated by evaluating absorbances using the standard 
curve. 
In SPSS, we fit curves to scatter plots of total phenolic concentration vs. age of tree and 
phenolic concentration vs. size of tree. We ran regression analyses for both age and size 
correlations to total phenolic concentration in SPSS to evaluate significance. 
Results and Discussion 
Species Composition, Diversity & Richness 
We found that our R. pseudoacacia sample area had no significant difference in species 
diversity from our control sample area (p = 0.78). The average diversity index value for R. 
pseudoacacia sample areas was 0.79, compared to 0.80 for the control (Table 2). We also found 
that there was not a significant difference in species richness between R. pseudoacacia and 
control sample areas (p = 0.07). On average, 4.2 species were present in the R. pseudoacacia 
sample areas and 5.3 species were present in the control sample areas (Table 2). Although we did 
not determine a significant difference in species composition in our ordination analysis (Figure 
1 ), the points representing R. pseudoacacia and control trees were mixed throughout the figure. 
This suggests that there were no differences or patterns in species composition when comparing 
R. pseudoacacia and control trees. 
There has been inconsistency in the conclusions of previous studies. Findings have 
shown increases, decreases, and no effect at all from R. pseudoacacia on species diversity and 
richness (Von Holle et al., 2006; Sitzia et al., 2012; Deneau, 2013). It has been shown that 
invasive species often display competitive behaviors in their invasive range that differ from their 
native range, so we propose that varying environmental conditions of these studies are primarily 
responsible for the differences in findings (Nasir et al., 2005). Our sample consisted of 
individuals along a disturbed edge, not dense stands like those found in both its native range and 
in riparian ecosystems in Europe (Benesperi et al., 2012; Gomez-Aparicio & Canham, 2008; 
Medina-Villar et al., 2017). R. pseudoacacia likely exhibits increased allelopathy as relative 
density increases. Isolated individuals on a disturbed edge may not be able to produce 
allelopathic phenolic compounds in concentrations sufficient to alter species composition. If 
environmental conditions are primarily responsible for such differences, the agreement of our 
results with Deneau's (2013) carries implications that R. pseudoacacia in northern Michigan are 
not exhibiting significant allelopathic effects and may function differently in other regions. For 
example, if allelopathy in R. pseudoacacia is affected by stress or competition that is absent in a 
region, then R. pseudoacacia may not have as large of an impact on surrounding vegetation. 
Deneau (2013) explains that several of the studies in disagreement about results were 
conducted in ecosystems for which soil moisture and nutrients are the largest limiting factor, 
while the mesic hardwood forests of Northern Michigan are limited primarily by sunlight. As a 
result, R. pseudoacacia in Michigan may be investing more energy in competing for sunlight 
rather than allelopathy, while R. pseudoacacia in other regions that may dedicate more resources 
to utilizing allelopathy as a competitive advantage. This potential hypothesis is supported by the 
study oflnderjit et al. (2011), who conclude that allelopathy in all plants changes with 
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environmental variation, and that invasive species decrease allelochemical production over time. 
The overall inconsistency in results indicates need for further investigation into the allelopathic 
mechanisms of invasive plants. Future studies should also be conducted to understand the effects 
R. pseudoacacia has on species diversity and richness at the regional and global levels. A study 
that compares invasive R. pseudoacacia in multiple regions using consistent methods and 
controlling for differing variables between sites· would be appropriate to address these 
unanswered questions. 
Allelopathy, Age, & Size 
We found that the size of R. pseudoacacia has a significant effect on the concentration of 
phenolics within the tree (pl= 6.06IxI0-9), with a strong, positive correlation (r = 0.85)(Figure 
2). The average concentration of phenolics in: size class I was 52.43 mg/L, size class 2 was 
80.58 mg/L, size class 3 wds 254.17 mg/L, and size class 4 was 386.23 mg/L (Appendix B). We 
also found that the age of Ri. pseudoacacia has a significant effect on the concentration of 
phenolics within the tree (pl= 6.I8xI0-8), with a strong, positive correlation (r = 0.81)(Figure 3). 
The relationship between size and phenolic concentration yielded a lower p-value and a higher r2 
I 
value than the relationship between age and phenolic concentration, which suggests that the size 
of the tree is a larger detern\inant of allelopathic chemical concentration than the age of the tree. 
Although we did not deterdiine a significance for our ordination analysis (Figure 1 ), there was a 
visible pattern in that point~ representing trees of similar size appeared closer together for both 
control trees and R. pseudohcacia. 
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We were unable to ynd literature on the effects of size and age of allelopathic plant 
species on their potential to secrete such chemicals, and even less research of the aforementioned 
factors on R. pseudoacacia. One study looked at how plant age affects the allelopathic potential 
of nodding thistle (Carduus nutans L.) (Wardle et al., 1993). Unlike our study, their results 
suggested that younger plants tend to be more effective at releasing allelopathic chemicals than 
older plants, though there was no significant correlation and this suggestion was based on 
observed trends. Perhaps younger and smaller R. pseudoacacia invest more of their energy in 
increasing root biomass in order to gain more water and nutrients. Later, when R. pseudoacacia 
have become established, adept competitors, they may begin to initiate other strategies such as 
nitrogen fixation and allelopathy to further push out competitors. Further research into the 




Table 2. Simpson's diversity index values averaged by size class as wbn as species richness by 
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Figure 1. Multidimensional scaling of vegetation community 
structure of Robinia pseudoacacia and control tree sample plots. 
I 
Labels correspond to tree labels in Appendices A and 1B. Axes are 
arbitrary distances, closer proximity between dots represents 
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Figure 2. Linear regression for total phenolics concentration vs. size 
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of sampled obinia pseudoacacia. Dots represent individual trees. 
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Figure 3. Lii ear regression for total phenolics concentration vs. age 
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Appendix A. Study area showing the prelil inary 
sampling of 42 R. pseudoacacia. I . . . , 
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Appendix B. Labels and measurements for sampled Robinia pseudoacacia. 
Tree Label Size Class DBH (cm) Age (years) Total Ph~nolics Concentration (mg/L) 


























































































Appendix C. Labels, measurements and species for sampled control trees. 
Label I Size class DBH (cm) Species 
TH 1 0.2 Acer saccharum 
TG 1 0.3 Quercus rubra 
TI 1 0.3 Quercus rubra 
.. 
TC 2 1.2 Acer saccharum 
TF 2 1.8 Acer saccharum 
TB 2 5.0 Acer saccharum 
. ····- " .. ...... - - .. . .... 
TA 3 6.2 Acer saccharum 
TK 3 12.3 Quercus rubra 
TL 3 14.2 Quercus rubra .. . .. ·-- ... - ....... ... "' ... 
TJ 4 31.7 Acer saccharum 
TD 4 51.2 Quercus rubra 
TE 4 58.5 Quercus rubra 
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